MAJOR ARTICLE 



Statins and the Risk of Herpes Zoster: A 
Population-Based Cohort Study 

Tony Antoniou,^'^^ " Hong Zheng," Samantha Singh," David N. Juurlink,^"^ jVluhammad IVI. Mamdani,^'^''''^'' and 
Tara Gomes^^"'* 

^Department of Family and Community Medicine, St Michael's Hospital, ^Keenan Research Centre of the Li Ka Shing Knowledge Institute, St Michael's 
Hospital, ■'University of Toronto, ''institute for Clinical Evaluative Sciences, ^Sunnybrook Research Institute, ^Applied Health Research Centre, 
St Michael's Hospital, Toronto, Ontario, Canada; and ^King Saud University, Riyadh, Saudi Arabia 

(See the editorial commentary hy Pirmohamed on pages 357-8.) 

Background. Statins are widely used lipid-lowering drugs with immunomodulatory properties that may favor reac- 
tivation of latent variceUa-zoster virus infection. However, whether statins increase the risk of herpes zoster is unknown. 

Methods. We conducted a population-based retrospective cohort study of Ontario residents aged >66 years 
between 1 April 1997 and 31 March 2010 to examine the association between statin use and incidence of herpes zoster. 
We used propensity score matching to ensure similarity between users and nonusers of statins, and Cox proportional 
hazard models to assess differences in outcomes between study groups. To test the specificity of our findings, we exam- 
ined the association between statin exposure and knee arthroplasty. 

Results. During the 13-year study period, we matched 494 651 individuals treated with a statin to an equal number 
of untreated individuals. In the main analysis, the rate of herpes zoster was higher among users of statins relative to non- 
users of these drugs (13.25 vs 11.71 per 1000 person-years, respectively; hazard ratio [HR], 1.13; 95% confidence inter- 
val [CI], 1.10-1.17). The attributable fraction of exposed individuals was 11.6%. In a prespecified analysis, we found a 
similar risk of herpes zoster among statin users in the subgroup of patients with diabetes (HR, 1.18; 95% CI, 1.09-1.27). 
As expected, we found no association between statin use and knee arthroplasty (HR, 1.04; 95% CI, .99-1.09). 

Conclusions. Among older patients, treatment with statins is associated with a small but significantly increased risk 
of herpes zoster. 
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Herpes zoster, a common illness caused by reactivation 
of latent varicella-zoster virus (VZV) infection, is asso- 
ciated with significant morbidity and healthcare costs 
[1-4]. The incidence and severity of herpes zoster and 
its debilitating sequelae increase with age, with >60% of 
cases occurring in individuals aged >50 years [5]. Al- 
though an age-related decline in VZV-specific cell- 
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mediated immunity is the main determinant of viral 
reactivation, several studies have noted an increased in- 
cidence of herpes zoster in otherwise healthy older in- 
dividuals independent of changes in the prevalence of 
immunosuppression, access to healthcare, or the intro- 
duction of varicella vaccination [5-8]. Because of the 
substantial burden imparted by herpes zoster and its 
rising incidence among older individuals, elucidation 
of risk factors associated with this illness has gained 
importance in recent years [2]. 

Inhibitors of 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA) reductase, genericaUy referred to as 
statins, are among the most widely prescribed medica- 
tions worldwide, with 25% of American adults aged 
>45 years treated with a statin in 2008 [9]. Along with 
being potent lipid-lowering agents, statins have immu- 
nomodulating properties that may increase the risk of 
VZV reactivation. Specifically, statin-mediated inhibition 
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of HMG-CoA reductase decreases the synthesis of isoprenoid 
pyrophosphates, required for the activation of Ras-related 
GTPases [10, 11]. Because these proteins are involved in 
antigen endocytosis, immunologic synapse formation, and cos- 
timulatory molecule expression, T-cell activation and prolifera- 
tion are impaired [10, 11]. In addition, statins can increase the 
number of CD4^CD25^ regulatory T cells, the accumulation of 
which may contribute to age-related immunosenescence and 
reactivation of latent infectious diseases [12, 13]. Finally, statin- 
induced promotion of Th2-cell differentiation could suppress 
Thl-type immune responses involved in controlling VZV rep- 
lication [10,14-16]. 

However, to our knowledge, no studies have examined 
whether statin therapy is associated with an increased risk of 
herpes zoster. We therefore compared the risk of herpes zoster 
in older patients receiving statins with that of nonusers of these 
drugs. We also examined the risk of herpes zoster in the subset 
of patients with diabetes, as these patients may have reduced 
VCV-specific cell-mediated immunity relative to healthy indi- 
viduals and are therefore at higher risk of herpes zoster [17- 
21]. We speculated that by virtue of their immunomodulatory 
properties, statins would be associated with an increased inci- 
dence of herpes zoster. 

METHODS 

Setting 

We conducted a population-based retrospective cohort study of 
all Ontario residents aged >66 years between 1 April 1997 and 
31 March 2010, using administrative healthcare data and pro- 
pensity score matching to ensure comparability in measured 
confounders between users and nonusers of statins. These indi- 
viduals had universal access to physician services, hospital care, 
and prescription drug coverage. 

Data Sources 

We determined medication exposure using the Ontario Drug 
Benefit Database, which contains comprehensive records of 
prescription drugs dispensed to Ontario residents aged >65 
years. To avoid incomplete medication records, we excluded 
patients during their first year of eligibility for prescription 
drug coverage (age 65). We obtained hospitalization and emer- 
gency department data from the Canadian Institute for Health 
Information's Discharge Abstract Database and National Am- 
bulatory Care Reporting System, respectively. These databases 
contain detailed clinical information regarding all hospital ad- 
missions and emergency department visits in Ontario. We used 
the Ontario Health Insurance Plan database to identify claims 
for physician services, and the Ontario Diabetes Database, a 
validated database of individuals with diabetes in Ontario, to 
define diabetes diagnosis [22]. We obtained basic demographic 



data and date of death from the Registered Persons Database, a 
registry of all Ontario residents eligible for health insurance. 
These databases were linked in an anonymous fashion using 
encrypted health card numbers, and are routinely used to 
explore postmarketing drug safety issues [23, 24]. 

Study Subjects 

We identified 2 groups of individuals for comparison. The 
exposed group consisted of individuals who commenced treat- 
ment with any 1 of the 7 statins available in Ontario during the 
study period (atorvastatin, cerivastatin, fluvastatin, lovastatin, 
pravastatin, rosuvastatin, and simvastatin), and we defined the 
index date as the date of a patient's first prescription for a 
statin. To restrict our analysis to new users of these drugs, we 
excluded individuals who had received a prescription for any 
statin in the year preceding the index date. We defined continu- 
ous use of a statin as refills of the drug within twice the duration 
of the preceding prescription. We retained individuals who 
switched among the available statins, but censored those who 
discontinued treatment, defined by the date of their final pre- 
scription plus the last prescription's days' supply. 

For each statin-exposed individual, we identified 1 untreated 
individual using propensity score matching according to the fol- 
lowing algorithm [25]. First, we derived propensity scores for 
statin therapy for each patient by using a nonparsimonious logis- 
tic regression model that included statin exposure as the depen- 
dent variable and an extensive list of variables related to either 
the prescription of statins or the risk of herpes zoster (Supple- 
mentary Appendbc). We then used a greedy matching algorithm 
to pair each patient receiving a statin with an untreated individu- 
al based on the logit of the propensity score (within 0.2 standard 
deviations), age at index date (within 2 years), sex, year of cohort 
entry, and presence or absence of diabetes. In both groups, we 
excluded all individuals who had been diagnosed with herpes 
zoster in the 5 years preceding the index date. 

Outcomes 

The primary outcome of the study was a new diagnosis of 
herpes zoster, defined as any one of a physician visit, emergen- 
cy department visit or hospital admission for herpes zoster {In- 
ternational Classification of Diseases [ICD], Ninth and Tenth 
revisions, codes 053 and B02, respectively), or the receipt of a 
prescription for either valaciclovir or famciclovir, which are re- 
stricted by the Ontario Drug Benefit program solely for the 
treatment of herpes zoster. We considered only the first episode 
of herpes zoster as a study outcome in patients with multiple 
episodes during the study period. We followed each person in 
the cohort for up to 2 years from their index date until the oc- 
currence of the outcome, death, statin discontinuation, or end 
of the study period (31 March 2011), whichever occurred first. 
To test the specificity of our findings, we examined the 
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association between statin use and admissions for knee arthro- 
plasty. Because there is no plausible reason why statin therapy 
should be associated with knee arthroplasty, we reasoned that a 
nuU association with this outcome would enhance causal 
inference. 

Statistical Analysis 

We computed standardized differences to examine intergroup 
balance in the distribution of baseline variables. Standardized 
differences of <0.1 indicate good balance between groups for a 
given covariate [26]. We conducted time-to-event analyses 
using Cox proportional hazards regression to examine the asso- 
ciation of statins with herpes zoster reactivation, using unex- 
posed individuals as the reference group. To test the robustness 
of our findings to the possibility of an induction period for 
statin exposure, we replicated our analysis including only those 
individuals who filled >1 prescription for a statin. In a prespeci- 
fied analysis, we also explored the association between statin 
use and herpes zoster in the subgroup of patients with diabetes, 
because these patients may be at higher risk for herpes zoster 
and more likely to be prescribed a statin [17-21]. Finally, we 
stratified statin doses into 1 of 3 categories based on published 
estimates of expected reductions in low-density lipoprotein 
cholesterol from baseline [27, 28]. We then conducted a dose- 
response assessment by considering low (atorvastatin <20 mg, 
rosuvastatin <10 mg, cerivastatin <0.3 mg, simvastatin <80 mg, 
fluvastatin at all doses, pravastatin at all doses, lovastatin at all 
doses), medium (atorvastatin 20 to <80 mg, rosuvastatin 10 to 
<40 mg, simvastatin >80 mg, cerivastatin 0.3 to 0.4 mg), and 
high (atorvastatin >80 mg, rosuvastatin >40 mg, cerivastatin 
>0.4 mg) doses of statins as time-dependent covariates in the 
analyses, using low-dose treatment as the reference. We verified 
the proportional hazards assumption by testing the statistical 
significance of a time-dependent treatment variable and by vi- 
sually inspecting the estimated log(-log) survival curves. We 
calculated the attributable fraction among exposed individuals, 
defined as the proportion of herpes zoster episodes in individu- 
als treated with statins that might have been avoided had expo- 
sure to statins not occurred [29]. All analyses were performed 
using SAS software, version 9.2 (SAS Institute, Gary, North 
Carolina). 

Ethics 

This study was approved by the Research Ethics Board of the 
Sunnybrook Health Sciences Centre, Toronto. 

RESULTS 

During the 13 -year accrual period, we identified 494 651 older 
individuals who received a prescription for a statin and an 
equal number of matched unexposed subjects. Patients treated 



with a statin were followed for a median of 696 days (interquar- 
tile range, 100-731 days), and untreated individuals were fol- 
lowed for a median of 731 days (interquartile range, 731-731 
days). Collectively, individuals in the cohort provided a total of 
1 553 288 person-years of follow-up. Following propensity 
score matching, users and nonusers of statins were highly 
similar with respect to demographics, medical illnesses, and 
concomitant medications (Table 1). 

In the main analysis, the primary outcome of herpes zoster 
occurred in a total of 19 143 individuals, with a higher rate 
among patients receiving a statin relative to nonusers of these 
drugs (13.25 vs 11.71 per 1000 person-years, respectively; 
hazard ratio [HR], 1.13; 95% confidence interval [CI], 1.10- 
1.17; Figure 1). These results were unchanged following replica- 
tion of our analyses among only those individuals who filled >1 
prescription for a statin. We found a similar risk of herpes 
zoster among statin users in the subgroup of patients with dia- 
betes (HR, 1.18; 95% CI, 1.09-1.27; Table 2). 

In the dose-response analysis, we found no appreciable diffe- 
rence in the risk of herpes zoster with moderate (HR, 1.05; 95% 
CI, 1.00-1.10) or high doses (HR, 1.03; 85% CI, .90-1.19) of 
statins relative to low doses of these drugs. However, these 
results are limited by the fact that <1 in 10 patients experienced 
an increase in their statin dose from baseline (Supplementary 
Tables 1 and 2). As expected, we found no association between 
statin use and knee arthroplasty (HR, 1.04; 95% CI, .99-1.09; 
Table 2). 

The attributable fraction of exposed individuals was 11.6%, 
suggesting that slightly more than 1 in 10 episodes of herpes 
zoster among older individuals taking statins was attributable 
to use of these drugs, and as such could be avoided if the drugs 
were not prescribed. 

DISCUSSION 

In this population-based study of nearly 1 mOlion older indi- 
viduals, we found that statin-treated patients were at an in- 
creased risk of developing herpes zoster relative to individuals 
who were not prescribed these drugs. We observed similar 
results in a subgroup of patients with diabetes. In contrast, 
we found no association between statin use and knee arthro- 
plasty. Our study provides the first empirical evidence of an as- 
sociation between statins and herpes zoster, and suggests that 
the widespread use of these drugs may be an important factor 
accounting for the increased incidence of this disease among 
otherwise immunocompetent older individuals [5-8]. 

Our findings have important implications for public health. 
Given the large number of older individuals who are simultane- 
ously at risk of developing herpes zoster and receiving a statin, 
even the small increase in risk observed in this study could 
translate into a large number of excess cases of herpes zoster at 
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Table 1. Baseline Characteristics 



Variable 


Statin Users 
(n = 494 bbl ) 


Matched Control Group 
(n = 494 bbl ) 


Standardized 
Difference 


Age, y, median (IQR) 


73 (69-78) 


73 (69-78) 


0.01 


66-74 


283 288(57.3%) 


281 121 (56.8%) 


0.01 


75-84 


175 073 (35.4%) 


176 598 (35.7%) 


0.01 


>85 


36 290 (7.3%) 


36 932 (7.5%) 


0.01 


Female sex 


272 921 (55.2%) 


272 921 (55.2%) 


0.00 


Charlson Comorbidity Index 


No hospitalization 


305 282 (61.7%) 


310 836 (62.8%) 


0.02 


0 


77 853 (15.7%) 


81 922 (16.6%) 


0.02 


1 


45 614(9.2%) 


43 869 (8.9%) 


0.01 


>2 


65 902 (13.3%) 


58 024(11.7%) 


0.05 


History of chronic kidney disease (1 y) 


12 941 (2.6%) 


11 247 (2.3%) 


0.02 


Residence in a long-term care facility 


12 386 (2.5%) 


10368 (2.1%) 


0.03 


No. of prescription drugs in previous year, median 
(IQR) 


5 (3-9) 


5 (2-9) 


0.01 


Medication use in previous year 


Oral corticosteroids 


21 986 (4.4%) 


22 061 (4.5%) 


0.00 


Immune modulating drugs 


3914(0.8%) 


4278 (0.9%) 


0.01 


Income quintile 


1 (lowest) 


100 848 (20.4%) 


97 403(19.7%) 


0.02 


2 


105 913(21.4%) 


105448 (21.3%) 


0.00 


3 


97 672(19.7%) 


98614(19.9%) 


0.01 


4 


92 618(18.7%) 


95 226(19.3%) 


0.01 


5 


95 680(19.3%) 


95 995 (19.4%) 


0.00 


Medical conditions and procedures in previous 5 y 


Myocardial infarction 


28 720(5.8%) 


22 072 (4.5%) 


0.06 


Angina 


38 053 (7.7%) 


31 345 (6.3%) 


0.05 


Diabetes 


99 982 (20.2%) 


99 982 (20.2%) 


0.00 


Hypertension 


326 705(66.0%) 


333 370 (67.4%) 


0.03 


Stroke or transient ischemic attack 


25 674(5.2%) 


25 071 (5.1%) 


0.01 


Systemic malignancy 


23 332 (4.1%) 


21 432 (4.3%) 


0.01 


Ulcerative colitis 


3611 (0.7%) 


3733 (0.8%) 


0.00 


Crohn's disease 


2839 (0.6%) 


2923 (0.6%) 


0.00 


Systemic lupus erythematosus 


11 412(2.3%) 


11 648 (2.4%) 


0.00 


Rheumatoid arthritis 


25 674(5.2%) 


25 071 (5.1%) 


0.00 


HIV infection 


81 (0.0%) 


126 (0.0%) 


0.01 


Coronary artery bypass grafting 


7292 (1 .5%) 


5874(1.2%) 


0.03 


Data are presented as No. (%) unless otherwise specified. 
Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile 


1 range. 







the population level. Assuming an exposure prevalence of 25% 
in American adults >50 years of age, a similar risk increase, and 
628 000 cases of herpes zoster each year in this population, we 
estimate that nearly 20 000 of these episodes could be attribut- 
able to statin use [5, 9]. Although generally not life-threatening, 
herpes zoster and its sequelae are associated with considerable 
morbidity, reduced quality of life, and cost to the healthcare 
system, estimated at more than $1 billion annually in the 
United States alone [30]. Consequently, strategies aimed at re- 
ducing the risk of herpes zoster are essential for mitigating the 



burden associated with this disease. While our study should 
not deter clinicians from prescribing statins for patients with 
known coronary heart disease, our findings support the 
thoughtful reappraisal of statin therapy for otherwise healthy 
individuals who are at low risk for cardiovascular disease [31, 
32]. In these patients, the benefits ascribed to statin therapy 
may be outweighed by the risk of serious adverse effects associ- 
ated with these drugs [33, 34]. For patients in whom statin 
therapy is required, our findings suggest that provision of the 
herpes zoster vaccine should be considered. 
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0.03 




0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 

Follow-up (Years) 

Number at Risk 

Unexposed Group 494 651 480 344 466 475 452 738 439 343 

Statin Group 494 651 337 773 292 226 264 087 243 870 



Figure 1. Kaplan-Meier curves for herpes zoster, by statin use. 



Some limitations of our work merit emphasis. As with all ob- 
servational studies, it is possible that our findings are biased by 
unmeasured confounders or intergroup differences in the base- 
line risk of herpes zoster. However, this is unlikely because both 
groups were well matched with respect to baseline characteristics, 
such that any residual differences were negligible and unlikely to 
account for our findings. In addition, it is difficult to envision an 
unmeasured variable that would be strongly associated with her- 
pes zoster and distributed differentially among the 2 groups to 
an extent that could sufficiently compromise the validity of our 
findings. Moreover, we found no differential risk of knee arthro- 
plasty, highlighting the specificity of our findings. We had no 
access to serum cholesterol levels, which were correlated with her- 
pes zoster in a small study of cardiac transplant recipients [35], 
or measures of adherence to statin drugs. We could not capture 
prescriptions for statins initiated in hospitalized patients. How- 
ever, exposure misclassification is unlikely as most patients fill 



prescriptions within 1 week of their discharge from Ontario hos- 
pitals [36]. Although individuals treated with statins may have 
more medical encounters than untreated patients, differential 
outcome ascertainment is unlikely given that 95% of older adults 
with herpes zoster seek medical attention [37]. Although the ac- 
curacy of coding for herpes zoster is not known in our particular 
setting, the positive predictive value of the ICD-9 code (053) for 
herpes zoster was 93% in an earlier study [38]. Finally, we could not 
reliably examine the association between statin dose and risk of her- 
pes zoster given the rarity of high-dose statin therapy in our cohort. 

In summary, our study suggests that statins are associated 
with an increased risk of herpes zoster in older patients. Given 
the widespread use of statins and the substantial morbidity as- 
sociated with herpes zoster, further research is needed to clarify 
the exact mechanisms through which statins promote VZV re- 
activation and whether our findings are generalizable to younger 
patients receiving these drugs. 



Table 2. Association Between Statin Use and Herpes Zoster 



Outcome 


No. Patients 
per Group 


Rate in Individuals 
Prescribed a Statin 
(per 1 000 Person-years) 


Rate in Individuals 
Not Prescribed a Statin 
(per 1000 Person-years) 


Hazard Ratio 
(95% Confidence 
Interval)'' 


Primary outcome 


Entire cofiort 


494 651 


13.25 


11.71 


1.13(1.10-1.17) 


Diabetic subgroup 


99 982 


13.17 


11.07 


1.18(1.09-1.27) 


Tracer outcome 


Knee artfiroplasty 


494 651 


6.70 


6.32 


1 .04 (.99-1 .09) 



Reference group is individuals wlio were not prescribed a statin. 
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Supplementary Data 

Supplementary materials are available at Clinical Infectious Diseases online 
(http://cid.oxfordjournals.org/). Supplementary materials consist of data 
provided by the author that are published to benefit the reader. The posted 
materials are not copyedited. The contents of all supplementary data are the 
sole responsibility of the authors. Questions or messages regarding errors 
should be addressed to the author. 
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